Abstract
Introduction
drugs and exhibit an anti-ulcer activity. These complexes show a lower toxicity than the inorganic forms of copIt is well known that most of the anti-inflammatory per(II). On the other hand, some studies suggest that drugs are carboxylic acids in which the carboxylate group regular Ibuprofen intake may also be an effective chemopis available for metal-ligand interaction [1] [2] [3] . Ibuprofen reventive agent against breast cancer and can decrease (2-(4-isobutylphenyl)propionic acid), Naproxen (6- non-small cell lung cancer growth in vitro [8] . methoxy-a-methyl-2-naphthalene acetic acid) and TolVanadium is an ultramicrotrace bioelement with interestmetin (1-methyl-5-(4-methylbenzoyl)-1H-pyrrole-2-acetic ing biological properties [9] [10] [11] [12] . In mammals, vanadium is acid) (see Fig. 1 ) are non-steroidal anti-inflammatory drugs (NSAIDs) that exhibit favourable anti-inflammatory, analgesic and antipyretic properties. The major clinical application of NSAIDs is their action as anti-inflammatory agents in muscle skeletal diseases [4] . There are a number of recently published papers on the effects of NSAIDs in bone-related tissues under different inflammatory conditions [5] [6] [7] .
Several transition metal complexes with NSAIDs have been extensively studied since Sorenson [3] demonstrated that copper(II) complexes are more active than their parent mainly stored in bones and kidneys [10] . tyrosine phosphatases (PTPases). In addition, the antineoNaproxen methanolic solution (2 mmol, 20 ml) was plastic effects of vanadium have been demonstrated both in added to a solution of VOSO ?5H O (1 mmol in 10 ml 4 2 vitro and in vivo models. For instance, organometallic MeOH) under nitrogen atmosphere. Na SO precipitated 2 4 complexes of vanadium(IV) linked to bis(cyclopenimmediately and the suspension was maintained with tadienyl) moieties or vanadocenes [20] Rat osteosarcoma UMR106 and osteoblastic non-trans-(FBS) and ethylenediamine-tetraacetic acid (EDTA) were formed mouse calvaria derived MC3T3E1 cells were supplied by Gibco. All other chemicals used were of grown in DMEM supplemented with 10% (v / v) FBS and analytical grade.
antibiotics (100 U / ml penicillin and 100 mg / ml strepElectronic UV-vis and diffuse reflectance spectra were tomycin) in a humidified atmosphere of 95% air / 5% CO . trophotometer and a Shimadzu UV-300 spectrophotometer, subcultured using 0.1% trypsin-1 mM EDTA in Ca -21 respectively. Infrared spectra were recorded on a PerkinMg -free phosphate-buffered saline (PBS). For experi- 4 4 Elmer 580B spectrophotometer using the KBr pellet ments, about 5.5310 cells / well (UMR 106) and 3.3310 technique. Room temperature magnetic susceptibility was cells / well (MC3T3E1) were plated onto 24-well plates. determined with a Cahn-2000 balance, calibrated with After the culture reached 70% confluence, the cells were Hg[Co(SCN) ] and at a magnetic field strength of 6 kG.
washed twice with DMEM. Cells were incubated overnight 4 Elemental analyses for carbon, hydrogen and nitrogen with vanadium compounds at different doses in serum-free were performed using a Carlo Erba EA 1108 analyzer. DMEM.
Cell proliferation assay
to the red and blue, respectively, compared with that of 21 A mitogenic bioassay was carried out as described by [VO(H O) ] , agrees with carboxylate coordination to 2 5 Okajima et al. [22] with some modifications. Briefly, cells the metal center [24, 25] . For the bioactivity studies the in 24-well plates were washed with PBS and fixed with 5% solid complexes were dissolved in culture medium and glutaraldehyde / PBS at room temperature for 10 min. Cells added in different concentrations to the cell monolayer. were then stained with 0.5% crystal violet / 25% methanol For this reason, the UV-vis spectra in DMEM medium for for 10 min. The dye solution was then discarded and the the three complexes were measured. Table 1 shows the plate was washed with water and dried. The dye in the electronic absorption bands of the complexes dissolved in 3 cells was extracted using 0.5 ml / well 0.1 M glycine / HCl the cell culture medium. The solutions were prepared 10 buffer, pH 3.0 / 30% methanol and transferred to test tubes. times more concentrated than those used for biological Absorbance was read at 540 nm after a convenient sample assays, in a L / M molar ratio of 5:1. These conditions were dilution. The correlation between cell number / well and the selected to allow detection by UV-visible electronic absorbance at 540 nm of diluted extraction sample after spectroscopy and to reduce hydrolysis effects. These crystal violet staining has been established previously [14] . spectra remain unchanged for 2 h. This period was chosen Data are expressed as the mean6S.E.M. Statistical differbecause it is sufficient for cellular uptake of the complexes. ences were analyzed using Student's t-test. t-Tests were Inside the cells, the compounds are metabolised and the performed to compare treated cultures with the untreated nature of the biologically active species is not fully cultures. The recently prepared vanadyl(IV) complexes understood [15] . The diffuse reflectance spectra of the were used to obtain fresh solutions to be added to the three solid complexes show the same pattern (Table 1) . culture dishes at the following concentrations: 0, 2.5, 5, 10,
The differences observed in the positions of the band 25, 50, 75 and 100 mM. The studies were performed in this maxima can be attributed to solvatochromic effects. Neverconcentration range because we and other authors have theless, the above shifts are a general pattern observed in demonstrated that higher concentrations of vanadium both types of solutions and in the solid state, suggesting compounds are toxic and cause osteoblast death [18] .
the same structure for the complexes under the three experimental conditions. [32] [33] [34] [35] [36] . In the case of a coordination sphere around the vanadium, this band shifts to 1678 and 1665 cm , vs, very strong; s, strong; m, medium; w, weak; sh, shoulder; br, broad.
Results and discussion
respectively.
Magnetic behaviour 3.4. Effect of NSAIDs-vanadyl(IV) complexes on osteoblast growth
Measurements of the room temperature magnetic moments are good criteria to determine whether the carThe free ligands, Ibuprofen, Naproxen and Tolmetin boxylate anion is acting as a bridge or chelate ligand.
were tested on both osteoblast-like cell lines in the Subnormal m values are indicative of the coupling concentration range 0-100 mM. expected for a d (s 5 1 / 2) system. When coupling beOn the other hand, the effects of the NSAIDs-VO(IV) tween oxovanadium(IV) centers occurs, the room temperacomplexes on non-transformed mouse calvaria MC3T3E1 ture m values are lower [32] [33] [34] [35] [36] . Based on these results, and UMR106 rat osteosarcoma-derived cells are shown in eff carboxylate bridging coordination has to be discarded. Fig. 2(A) -(C). MC3T3E1 cells: as can be seen, Ibu-VO (Fig. 2(A) ) more sensitive to vanadium derivatives than the osteosarcaused a biphasic effect in cell proliferation, being coma UMR106 cells. stimulatory at lower concentrations (2.5 and 5 mM, P,
The proliferative effect of vanadium(IV) complexes was 0.01) and cytotoxic at higher concentrations (75 and 100 also compared with the effect of the vanadium(IV) cation mM, P,0.01). Nap-VO (Fig. 2(B) ) also behaved in a on both cell lines ( Fig. 2(D) ). The addition of VO(IV) to similar way, producing stimulation and inhibition of cell the culture media induced a significant stimulation of proliferation at concentrations of 2.5 mM (P,0.01) and UMR106 cell proliferation at 2.5-75 mM (P,0.01). On 75-100 mM (P,0.01), respectively. On the contrary, the the contrary, in MC3T3E1 non-transformed cells, VO(IV) complex Tol-VO (Fig. 2(C) ) significantly inhibited the inhibited cell growth in a dose-response manner (Fig.  growth of MC3T3E1 cells at all the tested concentrations 2(D)). Another NSAID-VO derivative, the Asp-VO com-(P,0.01) in a dose-response manner.
plex [19] , also exerted a biphasic effect on UMR106 cells. UMR106 cells: Ibu-VO (Fig. 2(A) ) significantly stimuThis complex stimulated cell growth at low doses (2.5-25 lated cell growth in a narrow range of concentrations (2.5 mM) and inhibited at over 50 mM concentration. In -25 mM, P,0.01) and showed no significant effects at addition, Asp-VO, like VO(IV), significantly inhibited higher values. Nap-VO (Fig. 2(B) ) did not stimulate cell MC3T3E1 cells at all the tested concentrations. growth at low doses, but it was the more potent cytotoxic agent (P,0.01) at 50-100 mM concentrations. This effect was even stronger than in MC3T3E1 non-transformed 4. Conclusions cells. On the other hand, Tol-VO (Fig. 2(C) ) did not show any statistically significant effect in the whole range of Three new vanadyl(IV) complexes with non-steroidal concentrations in the UMR106 cell line.
anti-inflammatory drugs, Ibuprofen, Naproxen, and TolIn order to investigate further the Nap-VO-induced metin, were synthesized and characterized by means of cytotoxic effect in both osteoblast cell lines, additional elemental analysis, UV-vis, diffuse reflectance and IR experiments were performed in the 50-100 mM conspectroscopies, as well as their magnetic behavior. The centration range. As can be seen from Fig. 3 , this biological activity of these vanadium compounds was vanadium(IV) derivative was the most potent inhibitor of tested on two osteoblast-like cells in culture through a cell growth in osteosarcoma cells. This effect contrasts proliferation bioassay. Neither Tolmetin nor Tol-VO afwith the cytotoxic effect of most of the vanadium(IV) fected the UMR106 osteosarcoma cell growth. In noncomplexes that we have previously reported in these two transformed cells, the complex inhibits cell proliferation in cell lines, such as VO, BMOV and Asp-VO [16] [17] [18] [19] . In a manner dependent on the concentration. This effect was those studies the non-transformed cell line was always similar to that induced by VO(IV). Ibu-VO was a stimulatory agent at low concentrations for both cell lines. However, this complex was cytotoxic at high doses for MC3T3E1 cells. On the other hand, Nap-VO only stimulated MC3T3E1 growth at the lower doses tested without induction of proliferation in UMR106 cells. Above 50 mM, this complex was cytotoxic to both cell lines. Surprisingly, Nap-VO-induced cell inhibition was more pronounced in UMR106 than in MC3T3E1 cells. The results of the biological assays show that NSAIDs moderate vanadyl(IV) action on osteoblast-like cells. Further experiments are in progress in order to investigate the anti-carcinogenic potential of Nap-VO in other tumoral cell lines. Colegio de Farmaceuticos PBA, CICPBA and UNLP.
